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Introduction – Concept of Energy
• The concept of energy is one of the most important topics in science 

and engineering.

• In everyday life, we think of energy in terms of fuel for transportation 
and heating, electricity for lights and appliances, and foods for 
consumption. However, these ideas do not really define energy.

• They merely tell us that fuels are needed to do a job and that those 
fuels provide us with something we call energy. 

• How about the energy in our muscles, where does it come from? Did 
your body create them?



Work
• The word work has a variety of meanings in everyday language. But in 

physics, work is given a very specific meaning to describe what is 
accomplished when a force acting on an object moves through a 
distance. 

• When you sit at your desk studying these notes, you are not doing any 
work! Imagine that? 

• This does not mean that you are lazy or that learning physics is an 
effortless process. It is simply stating a fact that arises from the 
definition of work that scientists use. 



Definition of work

Note we are using s or d for distance.







Angle between work and distance







Units of Work and Energy











Examples





Example

Remember Newtons 3rd

law? The weight of the 
pail (directed down) is 

equal to F which is 
directed up

why do you get tired carrying the
bucket even if you do no work? 



Example
• The box is being pulled along the 

floor at a constant speed by a force 
F. The friction opposing the motion 
is 20 N and m = 30 kg.

Find 
a) the magnitude of F and 
b) the work done by F as the box is 

being moved a distance 5.0 m. 



Example

Solution:
We first use Newtonis second law to find the 
force:

(a=0 
because its constant velocity)

Therefore ଶ଴

௖௢௦ଷ଻
N

Work:  



Kinetic Energy

• If an object can do work, we say it possesses energy. Therefore energy 
is the ability to do work. There are many types of energy but we shall 
for begin our study with kinetic energy. 

• What is kinetic energy?
When you hear the word kinetic, what comes into your mind? No 
doubt it is something to do with moving. Indeed kinetic energy, KE, of 
an object is the energy possessed due to its motion. 



Kinetic Energy





Work Energy Theorem
• When an object  is acted upon by a net force, it changes speed . Therefore 

when you apply a net force on an object  initially at rest, it moves. There is 
therefore a connection between the net force and the kinetic energy. 



Work Energy Theorem



• Now consider a bus whose engine drives it with a net force so as to 
accelerate the bus from a speed of v1 to a speed of v2. 

• The net force is given by  
•

• From 
మ

మ
భ

మ

substituting into above gives

• మ
మ

భ
మ

This reduces to

• మ
మ

భ
మ

= -

• In other words
• Work (by net force) = change in Kinetic energy

This is the work done 
by a net force. This is 

called the work-
energy theorem 







From work energy theorem, 

Work done by net force  is the work due to friction since friction is the only force 
acting.

W = fs cos 180 = -100f

Using Work energy theorem, this is equated to change in KE

Work done by net force = KE(final) – KE (initial)

-100f = ଵ
ଶ ଶ

ଶ- ଵ

ଶ ଵ
ଶ

-100f = 0 – ½ (2000) (20)2

𝑓 = 4000 𝑁
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Solve this using the Work – Energy Theorem



Accident reconstruction
Sometimes people involved in car accidents make exaggerated 
claims of chronic pain due to subtle injuries to the neck or spinal 
column. 
The likelihood of injury can be determined by finding the change 
in velocity of a car during the accident over a distance or time. 
The larger the change in velocity, the more likely it is that the 
person suffered spinal injury resulting in chronic pain. 
How can reliable estimates for this change in velocity be found 
after the fact?



In summary: work and KE



Power
• Power is the rate at which work is done. We tend to synonymously use power for energy. When one 

is said to be powerful, we mean he is very energetic. In science, that is not the case; the most 
powerful person is the one who does work in the shortest time possible. 

• At the  2014 olympics Usain Bolt ran 9.59 second thereby breaking the world record. He was the 
most powerful in that race because he did is work in a shortest possible time.

• Power = Work done/ Time taken = Energy/time

•
ௐ

௧

ா

௧

• The SI unit is J/s or a Watt or N.m/s

• For motors and engines, power is often measured in horsepower (hp) where 
1 hp = 746 W







Power
• Power can also be conviniently expressed  in terms of velocity as

•

• But s/t = v = velocity

• Therefore
• where is the angle between Force and velocity vectors.





Example
In a common test for cardiac function (the “stress test”), the patient walks on 
an inclined treadmill. Estimate the power required from a 75-kg patient when 
the treadmill is sloping at an angle of 12° and the velocity is 3.1 km/h.
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POTENTIAL ENERGY



POTENTIAL ENERGY













Potential Energy
• This is the energy possessed by an object by virtue of its position. If you lift a 

mass m from point A to point B, the object at B will acquire a gravitational 
potential energy (GPE). 

To know whether an object has PE, just release it 
wherever it is, if it moves then it has PE.
The ball at B once released will start moving, falling down. 
This means it has PE. This PE is called Gravitational PE (GPE)

• If you stretch a spring and then you let it go, be virtue of its position 
(stretched position) it will bounce back implying it had PE. This PE is called 
elastic PE (EPE). If you pinch your skin and try to pull it then let it go, it moves 
back to its orginal state. This means it had gained  EPE. 

• EPE = 1/2kx2    (where x is the extension)



Potential Energy

• Since work is the manifestation of energy possessed in an object, if you lift the 
ball from A to B, the work done is F x d = mg x h = mgh (h=d=height).

• Since this is the work done to cause an object to have GPE, therefore potential 
energy in this case is 

• PE = mgh. The unit for PE is the joule (J). Now consider this diagram:



Conservative and non-Conservative forces

• To lift the mass m from point A to point B, the work done against 
gravity is mgh . Similarly in lowering the mass, the work done against 
gravity is −mgh . The gravitational force is an example of what we call 
a conservative force. 

• A force is said to be conservative if the work done in moving an 
object from A to B against the force is not dependent on the path 
taken for the movement. All you need is the vertical distance.

• An example of a non-conservative force is friction. The work done by 
the force depends on the path taken. 



Law of Conservation of Energy 
• When you keep in mind that energy is related to the ability to 

do work, it becomes clear that there are many other forms of 
energy. Coal, oil gasoline and other fuels possess energy which 
we call chemical energy. These can undergo chemical 
combustion and can do work. 

• The water at a hydroelectric power station has potential 
energy which then is converted to mechanical energy thereby 
turning the turbines and producing electrical energy. This is 
just one of the many other energy conversions that we have in 
nature. 



Law of Conservation of Energy 
• This leads us to the concept of energy conservation. Energy 

conservation is a fundamental law of physics and is an 
enormously useful principle for the solution of problems. 

• Therefore for a closed system, when one form of energy is 
converted to another form, the sum total of energy remains 
the same. 







Did you know

• The sun is our primary source of energy.
• When the sun’s radiation reaches us, most of it is wasted away but 

some is locked up by plants through the process of photosynthesis to 
form chemical energy. 

• When we eat the food it is then broken down through the process of 
respiration to give us energy that we use in the muscles, for all body 
functionalities. 

• You can clearly see that no new energy was created but was simply 
converted from one form to another.



Law of Conservation of Energy
• Another example of energy conservation is when you slide a book across a table. 

The kinetic energy you gave to the book disappears as the book comes to rest. 
Yet the book has not gained GPE since the floor is level. What happened to the 
KE, the original energy? 

• To answer this, you should investigate the temperature of the book. You will 
discover that the temperature has increased. This is because of friction. The 
original KE has been entirely converted into doing work against friction and the 
result is the thermal energy TE that appears between the floor and the book. In 
this case, the energy conservation is 

KE TE

1

2
𝑚𝑣ଶ = 𝑓𝑠



Example - Dropping an object from height h
• If you drop an object from height h, you can work out the velocity at 

which it will hit the ground. This because at height h, it has PE and when 
it falls, all the PE is converted to KE.

GPE KE

Therefore 

 



Law of Conservation of Energy

• In any physical process, there are always transformations of some 
forms of energy into other forms of energy. The law of conservation 
of energy states 

• “Energy can neither be created nor destroyed. When a loss in one 
form of energy occurs, an equal increase occurs in other forms.” 



Law of Conservation of Energy

• In any physical process, there are always transformations of some 
forms of energy into other forms of energy. The law of conservation 
of energy states 

• “Energy can neither be created nor destroyed. When a loss in one 
form of energy occurs, an equal increase occurs in other forms.” 

This is energy conservation 
involving KE, PE and work 
against friction, the heat 

energy TE. TE1 in this case is 
zero because, the object has 

not yet moved so the 
displacement is zero so that

TE1 = fs = fx0 = 0. 





















Solve this

The energy conversion looks like

GPE KE TE



Solve this

The energy conversion looks like

GPE KE TE



𝑃𝐸஺ + 𝐾𝐸஺ + 𝑇𝐸஺ = 𝑃𝐸஻ + 𝐾𝐸஻ + 𝑇𝐸஻

But no heat due to work done against friction is generated
at A since it has not moved as yet, therefore TEA = 0

𝑚𝑔ℎ஺ + 0 + 0 = 𝑚𝑔ℎ஻ +
1

2
𝑚𝑣஻

ଶ + 0

Substituting the variables gives

                                                       𝑣஻= 5.44 m/s

You can do the same for velocity at C . The answer is 7.67 m/s
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